The past 10 years have seen new approaches to elucidating genetic pathways regulating sleep. The emerging theme is that sleep-like states are conserved in evolution, with similar signaling pathways playing a role in animals as distantly related as flies and humans. We review the evidence for the presence of sleep states in non-mammalian species including zebrafish (Danio rerio), fruitflies (Drosophila melanogaster) and roundworms (Caenorhabditis elegans). We describe conserved sleep-regulatory molecular pathways with a focus on cAMP and epidermal growth factor signaling; neurotransmitters with conserved effects on sleep and wake regulation, including dopamine and GABA; and a conserved molecular response to sleep deprivation involving the chaperone protein BiP/GRP78.
Introduction
An increasing appreciation of the importance of sleep and the impact of sleep disorders on health has underlined the need for a basic understanding of sleep and sleep regulation. Until recently, studies of sleep have largely focused on humans and other mammalian systems (e.g. rat, mouse, hamster, dog, cat and monkey). These studies have largely depended upon the electroencephalogram (EEG) to distinguish between wakefulness and sleep. However, as EEG waves arise from the underlying neural architecture, non-mammalian species with significantly different neuroanatomies cannot be expected to produce the same EEG wave forms associated with sleep/wake cycles in mammals. Even if this were not the case, it is extremely challenging to record electrophysiological signals from small model organisms without perturbing their behavior. A major advance in our ability to study sleep in non-mammalian species came with the appreciation that behavioral criteria alone are sufficient for the identification of sleep in many model systems [1, 2] . This review argues that the study of sleep in multiple non-mammalian model systems has led to identification of conserved molecular pathways that regulate sleep and wakefulness.
The chief behavioral properties of sleep, which distinguish it from quiet wakefulness or other states of quiescence such as torpor and hibernation, are: (i) a period of quiescence associated with a species-specific posture; (ii) an increased arousal threshold (reduced responsiveness to external stimuli); (iii) quick reversibility to wakefulness; (iv) homeostasis; and (v) interaction with the circadian clock and/or expression of clock genes. Sleep is reversible because sleeping animals will awaken and move given a sufficiently strong stimulus. Sleeping animals demonstrate an elevated arousal threshold, for instance showing no response to sensory stimuli when asleep that would evoke a clear response when awake. Sleep homeostasis is demonstrated by there being elevated sleep propensity and a deeper and longer recovery sleep period following sleep deprivation. In normal animals, the timing of sleep is coupled to a clock mechanism. However, a functioning circadian clock is not essential for sleep to occur. Sleep still occurs in organisms despite changes that abolish their circadian rhythm, for instance from lesions of the suprachiasmatic nucleus in rats [3] and from mutations of clock genes in both mice [4, 5] and Drosophila [6, 7] . Moreover, circadian clocks also occur in species such as cyanobacteria and neurospora (for a review, see Ref. [8] ) in which there is no evidence of a sleep-like state. Sleep can therefore occur without a clock mechanism and, conversely, circadian clocks can function without sleep as an output.
The use of behavioral criteria initially showed that insects, the cockroach [1] and the honey bee (see Ref. [9] and references therein), have a sleep-like state. However, despite 30 years of research into the circadian rhythm in the fruitfly Drosophila melanogaster (reviewed in Refs [10, 11] ), the demonstration that quiescence in Drosophila is a sleep-like state was relatively recent [6,12] (see Table 1 ). Moreover, a sleep state has recently been identified using behavioral criteria in two additional non-mammalian model systems: the zebrafish Danio rerio [13-15] (see Table 1 ) and the roundworm Caenorhabditis elegans [16, 17] (see Table 1 and Box 1). Both of these model systems are genetically tractable and possess easily visualized nervous systems, allowing sleep researchers unparalleled opportunities for manipulation of neural circuitry (see and references therein). The identification of a sleep state in such distantly related species indicates that sleep is a basic biological process. Although the fundamental aspects of sleep are preserved in disparate species, there are species-specific elaborations of the process.
Sleep characteristics specific to different model systems Zebrafish show rest-activity rhythms that are synchronous with the day-night cycle, being active during the day 
